SNARE (soluble N-ethylmaleimide-sensitive fusion proteinattachment protein receptor) proteins involved in membrane fusion usually contain a conserved α-helix (SNARE motif) that is flanked by a C-terminal transmembrane domain. They can be classified into Q-SNARE and R-SNARE based on the structural property of their motifs. Assembly of four SNARE motifs (Qa, b, c and R) is supposed to trigger membrane fusion. We have previously shown that ER (endoplasmic reticulum)-localized syntaxin 18 (Qa) forms a complex with BNIP1 (Qb), p31/Use1 (Qc), Sec22b (R) and several peripheral membrane proteins. In the present study, we examined the interaction of syntaxin 18 with other SNAREs using pulldown assays and CD spectroscopy. We found that the association of syntaxin 18 with Sec22b induces an increase in α-helicity of their SNARE motifs, which results in the formation of high-affinity binding sites for BNIP1 and p31. This R-SNARE-dependent Q-SNARE assembly is quite different from the assembly mechanisms of SNAREs localized in organelles other than the ER. The implication of the mechanism of ER SNARE assembly is discussed in the context of the physiological roles of the syntaxin 18 complex.
INTRODUCTION
In eukaryotic cells, organelles in the secretory and endocytic pathways are linked by vesicles or membrane carriers that bud from the donor compartment and then tether to and fuse with the acceptor compartment [1] . Although many proteinaceous factors participate in the membrane fusion reaction, SNAREs (soluble N-ethylmaleimide-sensitive fusion protein-attachment protein receptors) are considered to be the minimal fusion machinery [2] [3] [4] . SNAREs constitute a superfamily of membraneassociated proteins that are uniquely localized in different membrane compartments [3, 4] . SNAREs are characterized by a homologous coiled-coil domain of 60-70 amino acids in length, termed the SNARE motif [5] , which is usually flanked by a C-terminal TMD (transmembrane domain). SNARE motifs are relatively unstructured in free forms, but form α-helices when they interact with each other. Assembly of SNAREs into four stable α-helices probably triggers membrane fusion by perturbing apposing membranes [6, 7] . Depending on sequence homology and the presence of an arginine or glutamine residue at the '0' layer of the SNARE motif, SNAREs can be categorized as R-or Qa-, Qb-and Qc-SNAREs [8] .
The best characterized SNARE complex is a neuronal complex implicated in exocytosis of synaptic vesicles. This complex consists of syntaxin 1, SNAP-25 (25 kDa synaptosome-associated protein) and VAMP-2 (vesicle-associated membrane protein 2; also referred to as synaptobrevin-2) [9] . Syntaxin 1 (Qa) and VAMP-2 (R) each supply one α-helix, and SNAP-25 (Qb and Qc), which does not possess a TMD, provides two α-helices. As syntaxin 1 and SNAP-25 are principally localized in the target membrane and VAMP-2 is on synaptic vesicles, the former and latter are referred to as t (target)-SNAREs and v (vesicle)-SNARE respectively [9] . Assembly of syntaxin 1 and SNAP-25 probably starts with the contact of the N-terminal regions of their SNARE motifs and proceeds in a zipper-like fashion toward the C-terminal regions [10] . Subsequently, similar 'zippering' occurs between v-SNARE and the t-SNARE complex [4] , which leads to the formation of the trans-SNARE complex. Although membrane fusion following the association of VAMP-2 and the syntaxin 1-SNAP-25 complex is slow in a reconstituted liposome system, stabilization of the t-SNARE complex dramatically accelerates the fusion reaction [11] , implying that SNAREs do have the capacity to execute fusion at a rate comparable with neurotransmitter secretion.
Although the quaternary structure of the SNARE complex is highly conserved in neuronal and early and late endosomal types [12] [13] [14] , individual SNARE complexes differ in the nucleation reactions that initiate the formation of the trans-SNARE complex. In the case of the neuronal SNARE complex, certain binary and ternary complexes are formed concomitantly with increases in α-helicity [15] [16] [17] . In contrast, an increase in α-helicity is only observed when four SNARE motifs are assembled in the case of a late-endosomal SNARE complex [13, 18] . Early-endosomal SNAREs form the QacR and QbcR complexes, in addition to the QabcR complex [14] . On the other hand, in the case of cis-Golgi SNAREs, Qabc assemble to create a high-affinity binding site for R-SNARE [19] . These different modes of SNARE assembly may reflect functions specific to individual SNARE complexes. For example, the neuronal SNARE complex is responsible for a rapid fusion reaction [11] . Endosomal and perhaps Golgi SNARE complexes function not only in heterotypic membrane fusion but also in homotypic membrane fusion, where donor and acceptor membranes are not definitively defined [14, 18, 20, 21] .
We have previously identified an ER (endoplasmic reticulum)-associated SNARE complex consisting of syntaxin 18 (Qa), BNIP1 (Qb), p31 (yeast Use1; Qc) and Sec22b (R), which is complexed with several accessory proteins, such as Sly1, ZW10 and RINT-1 [22] [23] [24] [25] . Syntaxin 18 is probably the mammalian orthologue of yeast Ufe1 implicated in retrograde transport from the Golgi to the ER [26] and homotypic ER-ER membrane fusion [27] . The equivalent of all proteins present in the syntaxin 18 complex exist in the Ufe1 complex [28] [29] [30] , implying that the ER membrane fusion machinery is conserved during evolution [31] . Functional studies have shown that syntaxin 18 and three other ER SNAREs play a role in the formation of the three-way junctions of the ER [24] , phagocytosis [32] and perhaps postGolgi trafficking [33] . The molecular mechanisms allowing these multiple functions remain to be elucidated.
In the present study, by using pulldown assays and CD spectroscopy we analysed the assembly of recombinant syntaxin 18 with other SNAREs, all of which lacked their TMDs. We found that the interaction of syntaxin 18 with Sec22b is critical for Q-SNARE assembly. The results of the present study revealed a novel mechanism of SNARE assembly.
MATERIALS AND METHODS

Plasmids
The cDNA encoding amino acids 246-335 of syntaxin 18 was amplified by PCR and inserted into the HindIII/KpnI site of pFLAG CMV-2. The cDNA encoding amino acids 1-231 of p31 was inserted into the BamHI/SmaI site of pQE30 for expression as a and amino acids 1-195 of Sec22b were inserted into the BamHI/SmaI site of pGEX4T-3 for expression as GST (glutathione transferase) fusion proteins. The construction of other plasmids has been described previously [22] [23] [24] .
Expression and purification of recombinant proteins
GST-fusion SNARE proteins were expressed in Escherichia coli BL21 codon plus RP. The bacteria were grown in Luria Broth at 30
• C to an A 600 of 0.4-0.6, and protein expression was induced with 1 mM isopropyl β-D-thiogalactoside. At 3 h after induction, the bacteria were harvested by centrifugation (3700 g for 10 min at 4
• C), resuspended in phosphate buffer [50 mM Na 2 HPO 4 , 2 mM 2-mercaptoethanol and 1 mM EDTA (pH 7.0)] containing 300 mM NaCl, 1 % Triton X-100 and a protease-inhibitor mixture (2 µg/ml aprotinin, 10 µg/ml leupeptin, 2 µM pepstatin A and 1 mM PMSF), and lysed by sonication. The lysate was centrifuged at 27 000 g for 30 min. The supernatant was loaded on to a glutathione-Sepharose 4B (Amersham Biosciences) column, washed extensively with phosphate buffer containing 300 mM NaCl and 0.1 % Triton X-100, and eluted with phosphate buffer containing 100 mM NaCl, 0.1 % Triton X-100 and 30 mM glutathione. His 6 -tagged SNARE proteins and His 6 -Trx fusion SNARE proteins were expressed in E. coli BL21 codon plus RP as described above. EDTA was omitted from buffers for lysis and purification. The bacteria were suspended in phosphate buffer containing 300 mM NaCl, 1 % Triton X-100, a protease-inhibitor mixture and 10 mM imidazole, and lysed by sonication. The supernatant of the lysate was loaded on to a column of Ni 2+ -NTA (Ni 2+ -nitrilotriacetate) agarose (Qiagen), washed with phosphate buffer containing 400 mM NaCl, 0.1 % Triton X-100 and 20 mM imidazole, and eluted with phosphate buffer containing 100 mM NaCl, 0.1 % Triton X-100 and 200 mM imidazole. To purify MBP-fusion SNARE proteins, bacteria expressing fusion proteins were suspended in phosphate buffer containing 300 mM NaCl and 1 % Triton X-100, and lysed by sonication. The supernatant of the lysate was loaded on to a column of amylose resin (New England Biolabs), washed extensively with phosphate buffer containing 400 mM NaCl and 0.1 % Triton X-100, and eluted with phosphate buffer containing 100 mM NaCl, 0.1 % Triton X-100 and 50 mM maltose. Purified proteins were dialysed against phosphate buffer containing 100 mM NaCl and 0.1 % Triton X-100, quickly frozen in liquid nitrogen and stored at − 80
• C until use. His 6 -NSF (Nethylmaleimide-sensitive fusion protein) and His 6 -α-SNAP were purified as described previously [34] .
Binding assays
All binding incubations were conducted in phosphate buffer containing 100 mM NaCl and 0.1 % Triton X-100. Purified MBP and GST fusion proteins (0.5-1 µM) were incubated with amylose resin and glutathione-Sepharose 4B respectively, for 3 h at 4
• C. The beads were washed and incubated with purified binding partners at the indicated concentrations overnight at 4
• C. After extensive washing, the proteins bound to the beads were solubilized in sample buffer and subjected to SDS/PAGE followed by CBB (Coomassie Brilliant Blue R-250) staining.
Two-step purification of the SNARE complex
Purified MBP-syntaxin 18 (amino acids 1-313) was immobilized on amylose resin. His 6 -BNIP1 (amino acids 1-202), His 6 -p31 (amino acids 1-231) and GST-Sec22b (amino acids were mixed with the syntaxin 18-containing resin and incubated for 3 h at 4
• C. After washing four times, the proteins bound to the resin were eluted with phosphate buffer containing 100 mM NaCl, 0.1 % Triton X-100 and 50 mM maltose. The eluate was then incubated with glutathione-Sepharose 4B for 3 h at 4
• C. After washing four times, the proteins were solubilized with SDS sample buffer and subjected to SDS/PAGE followed by CBB staining. To isolate a quaternary complex containing MBPsyntaxin 18 (amino acids 209-313), GST-BNIP1 (amino acids 1-202), His 6 -p31 (amino acids 1-231) and His 6 -Sec22b (amino acids 1-195) were used.
SNARE complex disassembly
For SNARE complex disassembly 1 µM His 6 -syntaxin 18 (amino acids 171-313), His 6 -p31 (amino acids 1-231), His 6 -BNIP1 (amino acids 1-202) and GST-Sec22b (amino acids were incubated at 4
• C overnight in phosphate buffer containing 100 mM NaCl and 0.1 % Triton X-100. To the mixture was added His 6 -NSF (1.5 µM) and His 6 -α-SNAP (4.5 µM) and this was incubated in the absence or presence of ATP (1 mM) and Mg 2+ (16 mM) for 1 h at 16
• C. The mixture was incubated with glutathione-Sepharose 4B for 2 h at room temperature (25 • C). After extensive washing, the proteins bound to the resin were subjected to SDS/PAGE followed by CBB staining. reagent (Invitrogen) according to the manufacturer's protocol. At 24 h after transfection, the cells were lysed with lysis buffer [20 mM Hepes/KOH, 150 mM KCl, 1 % Triton X-100, 1 mM dithiothreitol, 2 mM EDTA and a protease-inhibitor mixture (pH 7.
2)]. Immunoprecipitation with an anti-FLAG M2 affinity gel (Sigma) and elution with FLAG peptide were carried out according to the manufacturer's protocol.
CD spectroscopy
UV-CD spectra of purified His 6 -tagged proteins (4-10 µM) in 50 mM Na 2 HPO 4 (pH 7.0) containing 100 mM NaCl were obtained by averaging 8-32 scans with a step size of 0.1 nm on a Jasco CD spectrophotometer model J-720 instrument. All measurements were performed at 25
• C in a quartz cuvette with a pathlength of 0.1 cm. To record the CD spectra of SNARE complexes, SNARE proteins in various combinations were mixed at equimolar ratios and incubated overnight at 4
• C.
RESULTS
ER SNARE assembly in vitro
To examine the mechanism underlying ER SNARE assembly, we expressed in E. coli and purified GST-p31 (amino acids 1-231), MBP-syntaxin 18 (amino acids 1-313), His 6 -BNIP1 (amino acids 1-202) and His 6 -Sec22b (amino acids 1-195), all of which lacked the TMDs. To the beads containing GSTp31 (amino acids 1-231) were added one, two or three SNARE proteins, and then the mixtures were incubated at 4 • C. After washing the beads, the bound proteins were eluted with SDS sample buffer, subjected to SDS/PAGE and stained with CBB. As shown in Figure 1(A) , although a quarternary complex appeared to be formed ( Figure 1A, lane 15) , binary complexes were barely detectable between p31 and syntaxin 18 ( Figure 1A , lane 9), BNIP1 ( Figure 1A, lane 10) or Sec22b ( Figure 1A, lane 11) . A ternary complex was formed only when both syntaxin 18 and Sec22b were present ( Figure 1A, lane 13) . These results suggest that syntaxin 18 and Sec22b are a prerequisite for the assembly of ER SNARE proteins. To verify this, we performed similar pulldown experiments using GST-Sec22b or MBP-syntaxin 18. As shown in Figure 1(B) , His 6 -p31 and/or His 6 -BNIP1 were pulled down with GST-Sec22b only when MBP-syntaxin 18 was present ( Figure 1B, lanes 12, 13 and 15) . Consistently, addition of His 6 -Sec22b increased the amounts of His 6 -p31 and especially His 6 -BNIP1 bound to MBP-syntaxin 18 in pulldown experiments ( Figure 1C) .
To determine the stoichiometry of subunits of the possible quaternary complex, MBP-syntaxin 18 (amino acids 1-313), His 6 -BNIP1 (amino acids 1-202), His 6 -p31 (amino acids 1-231) and GST-Sec22b (amino acids were mixed, and the complex formed was subjected to affinity purification using amylose beads followed by glutathione-Sepharose 4B. SDS/PAGE analysis of the eluate from glutathione beads revealed that the relative stoichiometry of the possible quaternary complex is approx. 1.2:1:1:1 for syntaxin 18/BNIP1/p31/Sec22b ( Figure 1D ).
BNIP1 and p31 bind to the syntaxin 18 SNARE motif in a Sec22b-dependent manner
Most syntaxins possess an extended N-terminal coiled-coil domain that regulates SNARE assembly by interacting intramolecularly with the C-terminal SNARE motif [3] and intermolecularly with accessory proteins, such as SM (Sec1/ Munc18) proteins [35] . Syntaxin 18, like syntaxin 1, contains three N-terminal helices (Habc domain) [3] . To eliminate possible regulation of the N-terminal region of syntaxin 18 on SNARE assembly, we used a syntaxin 18 mutant lacking the N-terminal domain. First, we examined whether removal of the N-terminal region of syntaxin 18 affects SNARE assembly in vivo. FLAGtagged syntaxin 18 SNARE motif comprising amino acids 246-335, as well as the full-length version (amino acids 1-335), was expressed in HEK-293T cells and immunoprecipitation was performed. As shown in Figure 2(A) , the amounts of BNIP1 and Sec22b co-precipitated with the syntaxin 18 SNARE motif were larger than those with the full-length version (Figure 2A , lane 4 compared with lane 3), suggesting that the N-terminal region of syntaxin 18, as in the case of other syntaxin members, has an inhibitory function on SNARE assembly. Interestingly, the association between syntaxin 18 and p31 was not markedly enhanced upon removal of the N-terminal region of syntaxin 18.
Next, we examined the interaction of MBP-syntaxin 18 (amino acids 209-313) with the His 6 -tagged version of p31 (amino acids 1-231), BNIP-1 (amino acids 1-202) or Sec22b (amino acids 1-195) using pulldown assays. As in the case of MBP-syntaxin 18 (amino acids 1-313), ternary complexes were only formed when Sec22b was included ( Figure 2B, lanes 13  and 14) . Affinity purification using amylose beads followed by glutathione-Sepharose 4B showed that the relative stoichiometry of the possible quaternary complex is approx. 1.3:1:1:1.3 for syntaxin 18/BNIP1/p31/Sec22b ( Figure 2C) . NSF binds to SNARE complexes via α-SNAP, and the resultant 20S complex is disassembled upon ATP hydrolysis catalysed by NSF [9] . To examine whether the ER SNARE complex assembled in vitro has similar characteristics to physiological complexes, we investigated the effect of NSF/α-SNAP/Mg 2+ -ATP on disassembly of the quaternary complex. As shown in Figure 2(D) , added NSF and α-SNAP were bound to the quaternary complex ( Figure 2D, lane 3) , and the complex comprising NSF and α-SNAP was disassembled in an Mg 2+ -ATP-dependent manner ( Figure 2D, lane 4) .
Association of the SNARE motifs of syntaxin 18 and Sec22b is accompanied by an increase in α-helicity
In the cases of neuronal and endosomal SNAREs, their assembly induces an increase in α-helicity [14] [15] [16] [17] [18] . To examine whether ER SNARE assembly also involves such a conformational change, we measured the CD spectra of individual SNAREs and assembled complexes. We used SNARE mutants lacking the N-terminal regions because p31, BNIP1 and Sec22b, as well as syntaxin 18, contain α-helical regions in their N-termini. Since the His 6 -tagged version of the BNIP1 SNARE motif could not be purified in a native state, we used the His 6 -Trx-tagged construct. Figure 3(A) shows the CD spectra of individual SNARE motifs. All SNARE motifs were found to be largely unstructured. Some ordered structure of the BNIP1 construct deduced from its CD spectrum may be derived from the Trx moiety. As shown in Figure 3(B) , the α-helix content of the quaternary complex, which can be estimated from the minima at 208 and 222 nm of the CD spectrum (black line), was much larger than that of the theoretical non-interacting mixture (grey line), suggesting a structural change upon SNAREmotif assembly. Pulldown experiments showed that the SNARE motif of Sec22b promotes the association of the syntaxin 18 SNARE motif with the SNARE motif of p31 ( Figure 3C , lane 8 compared with lane 11) or BNIP1 ( Figure 3C , lane 9 compared with lane 12), as observed in the case of the constructs with the N-terminal region.
To examine whether a conformational change accompanied by the formation of the quaternary complex occurs due to the binding of the SNARE motifs of syntaxin 18 and Sec22b, we measured CD spectra of binary complexes ( Figure 4A ) and ternary complexes ( Figure 4B ) with possible combinations. A significant increase in α-helicity was observed in the syntaxin 18-Sec22b complex [ Figure 4A (c)], whereas no marked differences were observed between other binary complexes and the theoretical non-interacting mixtures [ Figures 4A(a,b and d-f) ]. Consistently, significant increases in α-helicity were observed in ternary complexes containing both syntaxin 18 and Sec22b [ Figures 4B(b  and c) ]. Note that no increase was observed when either syntaxin 18 or Sec22b was not present [ Figures 4B(a and d) ].
The interaction between syntaxin 18 and Sec22b is specific
The results described above suggest that the interaction between syntaxin 18 and Sec22b causes mutual conformational changes, thereby creating high-affinity binding sites for BNIP1 and p31.
Previous in vitro binding experiments have shown that SNAREs assemble rather promiscuously into core complexes [36] [37] [38] . To examine whether the Sec22b SNARE motif specifically induces a conformational change in the syntaxin 18 SNARE motif, we used the SNARE motif of VAMP-3, which is ubiquitously expressed in cells and involved in the endosomal recycling pathway [39] . As shown in Figure 5(A) , the VAMP-3 SNARE motif neither binds to the syntaxin 18 SNARE motif ( Figure 5A , lane 6) nor promotes the binding of the SNARE motif of p31 ( Figure 5A, lane 7) or BNIP1 ( Figure 5A, lane 8) to the syntaxin 18 SNARE motif. Consistent with these binding data, incubation of the SNARE motifs of syntaxin 18 and VAMP-3 did not cause an increase in α-helicity ( Figure 5B) .
DISCUSSION
In the present study, we have examined the interaction of ERlocalized syntaxin 18 with its associated SNARE proteins by pulldown assays and CD spectroscopy. Syntaxin 18 is unique among family members in that it has a relatively long SNARE motif consisting of approx. 80 amino acids, compared with 60-70 amino acids of other conventional SNAREs [3] and a short TMD, which is characteristic of SNAREs localized in the early secretory pathway [40, 41] . Our results suggest that syntaxin 18 interacts very weakly with BNIP1 and p31, and that the interaction of syntaxin 18 with Sec22b causes mutual conformational changes in their SNARE motifs, thereby creating high-affinity binding sites for BNIP1 and p31. Figure 6 shows schematically the possible assembly mechanisms of ER, neuronal and late-endosomal SNAREs. In the case of the syntaxin 18 complex (Figure 6A ), syntaxin 18 (Qa) on the ER membrane and Sec22b (R) on retrograde carriers derived from the Golgi apparatus [42, 43] interact and undergo conformational changes, which lead to the formation of an intermediate that contains high-affinity binding sites for BNIP1 (Qb) and p31 (Qc), both of which are present on the ER membrane. In the case of the neuronal SNARE complex ( Figure 6B ), syntaxin 1 (Qa) and SNAP-25 (Qb and Qc) form a complex, which involves a transient interaction of the N-terminal regions of the three SNARE motifs [10] . The Q-SNARE complex in the plasma membrane binds VAMP-2 (R) on synaptic vesicles [10, [15] [16] [17] , leading to membrane fusion and neurotransmitter secretion. In the case of late-endosomal SNAREs ( Figure 6C ), assembly occurs only when all SNAREs (Qa, b, c and R) are present [13, 18] . Although not shown in Figure 6 , early-endosomal SNAREs including syntaxin 13 (Qa) form QacR and QbcR complexes, in addition to the fourhelix bundle structure [14] .
Why are the mechanisms of SNARE assembly different from one another? One attractive hypothesis is that eukaryotic cells have developed the nucleation reactions of SNAREs to respond to different requirements for membrane fusion reactions in organelles. In the case of the neuronal SNARE complex, assembly involves a labile Qabc intermediate [10] . This intermediate, when stabilized, binds VAMP-2 at a subsecond time scale, leading to rapid membrane fusion [11] . In the case of endosomal SNAREs, such as syntaxin 13, multiple intermediates (QacR and QbcR) may increase the number of membrane attachment sites, even they do not act as acceptor complexes for fusion [14] .
Syntaxin 18/yeast Ufe1 and its associated SNAREs are involved in multiple fusion steps, i.e. homotypic ER membrane fusion [24, 26] , phagocytosis [32] and transport from the Golgi to the ER and perhaps from the trans-Golgi network to lysosomes [33] . To deal with multiple fusion reactions, syntaxin 18/Ufe1 The CD spectra of binary complexes (A) and ternary complexes (B). His 6 -syntaxin 18 (amino acids 171-313), His 6 -p31 (amino acids 149-231), His 6 -Sec22b (amino acids 130-195) and His 6 -Trx-BNIP1 (amino acids 127-202) at the indicated combinations were mixed at equimolar ratios. The grey line represents the theoretical non-interacting mean residue ellipticity calculated from the observed CD spectra of the individual proteins shown in Figure 3 . The black line represents the observed CD spectra.
and two other Q-SNAREs (BNIP1/Sec20 and p31/Use1) may not form a tight core complex until Sec22b/Sec22 occupies the right place to transmit a signal for membrane fusion. This loose association may confer the ability of ER SNAREs to function independently. BNIP1 [24] , but not syntaxin 18 (K. Arasaki, M.
Tagaya and K. Tani, unpublished work) or p31 [33] , is required for the formation of the three-way junctions of the ER. Among ER SNAREs, only p31 may be involved in protein transport from the trans-Golgi network to lysosomes [33] . In this context, it is interesting that the binding between p31 and syntaxin 18 was not enhanced by deletion of the N-terminal region of syntaxin 18. p31 is associated with ZW10 and RINT-1, but is not complexed with Sly1 (T. Aoki, K. Miyazaki and M. Tagaya, unpublished work). Accessory proteins may regulate the nucleation of ER SNARE core complexes.
The different mechanisms of the assembly of syntaxin 18 and syntaxin 5 may also contribute to ensure specific SNARE pairing in the ER. It should be noted that Sec22b forms a complex not only with syntaxin 18 but also with syntaxin 5 [19, 44] , and that the long alternative splicing form of syntaxin 5 (42 kDa) containing a di-arginine motif principally exists in the ER [45] . Sec22b (R) binds to the complex consisting of syntaxin 5 (Qa), membrin (Qb) and Bet1 (Qc), but not to individual SNAREs or the binary complexes [19] . As the Qabc complex containing syntaxin 5 may be formed out of the ER, Sec22b can predominantly interact with syntaxin 18 in the ER even in the presence of the long form of syntaxin 5. Banfield and co-workers have suggested that the combinational binding interactions during association pathways ensure the selective formation of the SNARE complex [46] .
In conclusion, our results disclose a novel assembly pathway of SNAREs, which may be beneficial to the versatile function of the syntaxin 18 complex.
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